Lindane-degrading activity under aerobic conditions has been observed in two bacterial strains : UT26, phenotypically identified as Sphingomonas paucimobilis, and a new single unidentified isolate named RP5557T. The rrs (165 rDNA) sequences for both strains and the phenotypic characteristics for the unidentified isolate RP5557T were determined. RP5557T does not have high identity (less than 90% in all cases) with any sequence in the GenBank or RDP databases. A phylogenetic analysis based on rrs sequences indicated that RP5557T belongs to the y-Proteobacteria in a coherent phylum that includes the genera Xanthomonas and Xy/e//a (1 00 O/ O bootstrap), whereas UT26 is clearly separate from the Xanthomonas cluster. Based on the phylogenetic analyses and on the phenotypic characteristics, a new genus, Rhodanobacter, containing a single species, Rhodanobacter lindaniclasticus, is proposed for strain RP5557T (= LMG 183853, which becomes the type strain.
I Keywords : phylogeny of lindane degraders, soil, gamma-hexachlorocyclohexane Gamma-hexachlorocyclohexane (y-HCH or lindane) has been used for many years as a plant protection product in agriculture and for wood treatment. Highly chlorinated aliphatic compounds such as lindane are often degraded relatively slowly in many subsurface the two bacteria, the activity of y-HCH dehydrochlorinase, the enzyme that catalyses the first step in the lindane degradation pathway, is encoded by a gene, linA, that is highly conserved (99.4 % identity) between these two strains (Thomas et al., 1996) . environments, such as soil, sediment and groundwater (Vogel et al., 1987) . HCH isomers have been found to persist in some environments for more than 15 years (Voerman & Besemer, 1970) . Nevertheless, lindane biodegradation has been observed in both anaerobic and aerobic ecosystems (Bhuyan et al., 1992; Jagnow et al., 1977; Wada & Peel, 1989) . Few bacterial isolates have been described as able to mineralize this compound. One is an anaerobic Clostridium sp. (MacRae et al., 1969; Ohisa et al., 1980) and two are aerobic bacteria. One of the latter phenotypically resembles a Sphingomonas paucimobilis strain (UT26) isolated from a Japanese soil (Senoo & Wada, 1989) and the other was isolated from a French soil from a wood treatment site and named RP5557T. Other attempts to isolate lindane-degrading bacteria from different soils have been unsuccessful. Despite the geographical distance between the isolation sites of Abbreviation : y-HCH, gamma-hexachlorocyclohexane.
The complete primary sequences of the frs (165 rDNA) genes of Rhodanobacter lindaniclasticus and Sphingomonas sp. UT26 have GenBank accession numbers AF039167 and AF039168, respectively.
The aim of this study was to determine the taxonomic position of the French aerobic lindane-degrading bacterium (RP5557T) using phenotypical characteristics and rrs (16s rDNA) sequence analysis. The results provide evidence that RP5557T is representative of a new bacterial genus.
Morphological and physiological characteristics
The RP5557T strain was isolated on Standard Methods Agar (SMA) plates containing, in g 1-l: Bio trypcase (bioMkrieux), 5 ; yeast extract, 2.5 ; and glucose, 1 ; pH 7.0. The strain was isolated from a soil sampled from a wood treatment site and was enriched by keeping it for over 18 months in a flask containing only lindane as a carbon source (Thomas et al., 1996) . More experiments from the same and other soils were carried out in an attempt to isolate other lindane-degrading bacteria, but these were unsuccessful. This enrichment procedure suggests that RP5557T is not present in large quantities in soil even after long-term contamination or that it is not competitive among the culturable soil bacterial community. Strain RP5557T was found to form dark-yellow, flat colonies with clean edges on SMA medium agar plates. The yellow pigment exhibited the characteristic absorbance spectrum of the carotenoid nothoxanthin (Thomas et al., 1996) . Strain RP5557T was found to form non-sporulated, non-capsulated straight Gramnegative rods. Phenotypic characteristics were determined using Pasteur Pseudomonas strips (Institut Pasteur), the API 20NE microtube system and API 50CH strips (API bioM6rieux) as recommended by the manufacturers. The results are indicated in Table 1 . The bacterium grew in 24 h at 30 "C and 41 "C but not at 4 "C. The mean G + C content of RP5557T was determined by HPLC (Peyret et al., 1989) and was found to be 63 mol %. This strain is strictly aerobic and does not reduce nitrite or nitrate. It exhibits catalase and oxidase activities and can use lindane as the sole carbon source (Thomas et al., 1996) . suggested that RP5557T should be grouped with the genus Pseudomonas as defined in the API and Pasteur phenotypic databases. However, the RP5557T phenotype has not yet been described in these phenotypic databases. Nevertheless, the phenotypic characteristics suggested that RP5557T belongs to the y-Proteobacteria. In any case, a more precise identification at the genus and species levels requires a phylogenetic approach such as that based on 16s rDNA sequence analysis.
Amplification of rrs (165 rDNA) sequences and cloning
Chromosomal DNAs from the two aerobic lindanedegrading isolates, strains UT26 and RP5557T, were obtained from pure cultures (Brenner et al., 1982) . Approximately 0.3 pg of total DNA was used for PCR amplification. The primers used to amplify the whole rrs gene, permitting subsequent cloning in a directional manner, included primer FGPS5-255 (5'-TGGGA-AAGCTTGATCCTGGCT-3'), which contains a HindIII restriction site, and primer FGPS 1509'-153 (5'-AAGGAGGGGATCCAGCCGCA-3'), which contains a BamHI restriction site (the restriction sites are in bold) . PCRs were carried out in 0-2 ml Eppendorf tubes in a final volume of 100 pl reaction mixture containing template DNA, reaction buffer [lo mM Tris/HCl (pH 8.3), 1.5 mM MgCl,, 50 pM KC1,lO % (w/v) gelatin], each dNTP at a concentration of 200 pM, 0.5 pM oligonucleotides and 2 U TaqI DNA polymerase (Gibco BRL). DNA amplification was carried out in a thermocycler (Perkin-Elmer) using the following programme : initial denaturation for 3 min at 94 "C, 35 cycles of denaturation (30 s at 95 "C), annealing (30 s at 55 "C) and extension (1 min at 72 "C) and final extension (3 min at 72 "C). To analyse the amplification products, 5 pl of each reaction mixture was separated on a 1 % (w/v) agarose gel (Nusieve; FMC) and visualized using 1 mg ethidium bromide 1-1 solution. Amplified fragments were a single product of the expected size, approximately 1500 bp. Purification of the amplified products was achieved by extracting the band from the gel and purified on the Quiaex I1 kit (Qiagen). The amplified fragments were digested with BamHI and HindIII, cloned into BamHI/HindIII-cut pBluescript I1 SK vector (Stratagene) and transformed into Escherichia coli DH5aF' (Gibco BRL).
Sequencing and phylogenetic analysis
At least five clones were pooled to minimize errors due to either TaqI polymerase amplification or differences between copies of the rrs (16s rDNA) gene. The sequences were obtained for both strands by using primers FGPS485-292 CAGCAGCCGCGGTAA, FGPS747-293 AACAGGATTAGATAC, FGPS 1047-Comparison of the morphological and biochemical characteristics of RP5557T with those of previously described bacteria present in the phenotypic databases 295 ATGTTGGGTTAAGTC, FGPS9 10'-270 AG-CCTTGCGGCCGTACTCCC, FGPS 1 176'-1 12 GG-GGCATGATCACTTGACGTC, FGPS505'-3 1 3 GT- nucleotides. X., Xanthomonas; Xy., Xylella; 5., Stenotrophornonas; C., Chromatium; A., Aeromonas; V., Vibrio; Co., Colwellia ; P,, Pseudomonas; M., Methylomicrobium; L., Legionella ; R., Rhodanobacter.
flava ATCC 39723 (U60172) 100
ATTACCGCGGCTGCTG, as well as primers T3 and T7 (Pharmacia), which were necessary to determine the complete rrs sequences . Comparison of the UT26 rrs sequence with the GenBank database using the BLASTN program (Altshul et al., 1990) and RDP (Ribosomal Data Project) (Maidak et al., 1997) revealed that the most closely related bacterial species belong to the Sphingomonas genus. The closest species was found to be Sphingomonas chlorophenolica ATCC 33790 (X87 16 1) with 98 YO identity between positions 25 and 1416.
Using the same procedure, identity between RP5557T and the closest sequence, the Xanthomonas campestris rrs sequence (results not shown), was found to be only 90%. It has been suggested that in bacterial strains with less than 97% rrs sequence identity the DNA-DNA hybridization level is less than 70% (Stackebrandt & Goebel, 1994), which defines genomic species (Wayne et al., 1987) . Thus, based on the rrs sequence analyses, new taxons could be detected. In the absence of any close homologous sequence in the GenBank database and the RDP (90 % or less sequence identity), phylogenetic relationships were investigated using representatives of y-Proteobacteria genera and rooted using the Sphingomonas rrs sequences. Thirty-two representative y-Proteobacteria sequences were chosen for the phylogenetic analysis.
The rrs sequences were aligned and compared using the multiple-alignment CLUSTAL w algorithm (Thompson et al., 1994) . The evolutionary distance sequences were computed based on the no-gap option and using the Kimura two-parameter model (which assumes that transitions and transversions occur at different rates) (Kimura, 1983) with the PHYLO-WIN package (Galtier et al., 1996) . To estimate the phylogenetic relationships among the organisms, a tree ( Fig. 1) was derived using the neighbour-joining method (Saitou & Nei, 1987) . The topology of the tree was tested by performing 1000 bootstrap resamplings of the data (Felsenstein, 1985) and comparing the results of the parsimony (Fitch, 1971) and maximum-likelihood (Olsen et al., 1994) methods. The analysis confirmed that UT26 is clustered into a coherent group with the Sphingomonas spp. (bootstrap 100 %). Despite the phenotypic characteristics, which permitted positioning UT26 as a Sphingomonas paucimobilis, the closest phylogenetic neighbour was found to be Sphingomonas chlorophenolica .
Strain RP5557T was found to be distinct from all other known bacteria in the y-Proteobacteria group. The position of RP5557T at the root of the branch, containing Xanthornonas, Xyllela and Stenotrophomonas genera, was validated by 100% bootstrap and by the maximum-likelihood (Olsen et al., 1994) and parsimony analyses (Fitch, 197 1) (Fig. 1 ). According to rrs sequence phylogenetic analyses, the closest genera are Xanthomonas and Stenotrophomonas, but they are distant enough (90-92% similarity) to warrant placing RP5557T into a new genus containing a single species, which is also supported by the phenotypic characteristics ( 
